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Preface

The main objective of the work was to monitor the solar EUV from a wheel

instrument on $OSLO- 5 The instrument as finally designed, constructed, and

calibrated, was a spectrophotometer utilizing a concave grating and three photo-

multiplier tubes. The latterdetected)radiation in three broad wavelength chan-

nels, respectively: 1) 280-370 R, 2) 465-630 i, and 3) 760-1030 i. The pulses

due to the EUV photons striking the photomultipliers were amplified, shaped

and counted. Detection occurred for 30 milliseconds during each revolution of

the wheel. The spectrophotometer was turned on for several orbits each day,

and obtained (u-able,:data from launch (January 21, 1969) through June 1971.

Data were obtained for three large solar flares (March 12, 21 and April

21, 1969). The variation of EUV intensity with time was quite similar for all

three bands, and, for the April 21 flare, for which hard X-ray data were avail-

able, resembled closely the time variation of the latter. Impulsive peaks were

observed for all three bands, superimposed on a rapid rise to maximum and slow

decline. Band 3, the one containing photons of highest energy, showed much

less tendency' for exhibiting these impulsive components. A model of a large

flare is proposed based on the OSO-5 EUV data and the concept of twisted mag-

netic fields around sunspot groups brought on by differential rotation of the sun.

Observations of a partial solar eclipse in the three EUV bands gave some

information on the brightness of active areas in EUV, and on the presence or

absence of limb-brightening.

Data on the time variation of EUV intensity during sunrise or sunset, for

each wavelength band, were -ompa red wfihth-efVat9 p redictdc from fth'ebo5pre

vailing CIRA 1965 model atmosphere. For sunset, the predicted curves could

be brought into agreement with the observations of-all three bands by a modifi-

cation of the CIRA atmosphere involving a lowering of atomic oxygen density

and an increase of molecular nitrogen density.
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I. Objective
£

The objective of the (work of this contract was to a)3.des~ign, construct

and calibrate a spectrophotometer for monitoring the EUV radiation from the sun.

in three broad bands, b) obtain data with the spectrophotometer from the wheel

of the OSO-5 satellite and reduce this data to convenient form, and c) analyze

some of'the more important data to obtain scientific information about the sun'

and the earth's upper atmosphere.
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II. Introduction

The design.of the spectrophotometer for accomplishing the above objec-

tives began in 1964 under contract NAS 5-3931 (June 25, 1964). The choice of

the three broad bands to be monitored in the solar EUV was made on the basis

of their usefuln'ess as admeans of obtaining information on the densities of air.

at higher levels in the earth's atmosphere and their importance in helping to

understand such solar phenomena as flares, enhanced emission from active

areas, and long range time variation of solar EUV. Some thought was given to

the possibility of designing the spectrophotometer for monitoring only some of

the brighter EUV lines in the solar spectrum, but the decision to monitor the

bands instead was made on the basis of 1) greater reliability of the instrument

and associated electronics because of the higher intensity of the radiation and

2) need (t/the time for examining solar intensity variation for the entire EUV.

Although the three broad bands finally chosen did not cover the entire EUV, they
0

did represent most of the EUV radiant'energy below 1030 A. These bands are:

channel 1: 280-370 A; channel 2: 465-630 A; and channel 3: 760-1030 A.

Channel 1 contains strong emission lines such as He II (304 A), Mg IX (368 A),
0

Fe XVI (335 A) and Fe XV (284 i). Channel 2 includes such lines as He I (584 A);

O V (630 A); Mg X (625 A and 610 A); Si XIi; (500 A), Ne VII (465 A) and He I con-.''aV

tinuum. Channel 3 contains the hydrogen Lyman continuum, the hydrogen Lyman

series lines from Lyman beta (1026 A) to shorter wavelengths, C III (977 A),

O III and 0 II (834 A), O IV (790 A) and Ne VIII (770 A).

The instrument itself, to assure sufficient speed in the far EUV, was

chosen to be a grating spectrophotometer of the grazing-incidence (Rowland

circle mount) type. The detection of the EUV was to be made with photomulti-

pliers, one for each wavelength band. The photomultiplier bursts, produced by

EUV photons, were to be electronically counted in a suitable way. Radiation

from the entire solar disc was to be allowed to enter the spectrophotometer aper'TY

ture for each revolution of the OSO satellite wheel.
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III. Instrumentation

A. Structural Features

The spectrophotometer has the appearance of a truncated, pie-shaped

unit made of an aluminum sandwich structure. (Fig. 1). The main spacecraft

connector and its cable are mounted on the back wall of the instrument. The

back wall and the top are perforated with a pattern of small holes which serve

to outgas the instrument in flight. The bottom side of the instrument is made

of 1/2 inch aluminum plate containing threaded holes for fastening the instru-

ment to the deck of the spacecraft. The two side walls are made of relatively

thin, reinforced aluminum sheet. The front face has a highly reflective surface

finish to thermally decouple the instrument from the front pa-nil' of the space-

craft. All other exterior surfaces are blackened for efficient radiative coupling'

to the inner walls of the spacecraft compartment.

The interior of the instrument contains the opticalQparts and the detection

jyste:m with associated electronic conmp(nents

B. Optics

The optical layout of the spectrophotometer is shown in Figure 2.

Light from the entire solar disk enters the slit A and, at a grazing angle of 80,

strikes the concave, 20 cm radius, 1200 line/mm grating G where the EUV in

the three wavelength bands are diffracted and brought to focus along the Rowland

circle. Three Bendix M 306 resistant, strip photomultipliers (1,2,3) receive the

three first-order bands, respectively. The EUV which is detected by photomulti-

plier 2 is first reflected by the mirror M, but the other two beams pass through

apertkures in the Rowland circle before striking the tube cathodes. Light at the
/. .

central image is trapped at C. The apertures restrict the geometrical siie of

each beam, and limit the wavelengths in the bands. The latter limits are:

280-370 A (Channel 1), 465-630 (Channel 2), and 760-1030 A (Channel 3).

Channel 1 in practice was free of overlapping spectral orders because of

of the insensitivity of the spectrophotometer for wavelengths less than about

280 A. Channels 2 and 3, however, include higher order wavelength radiation

3



Figure 1.

Photograph of Spectrophotometer
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Figure 2.

Optical Layout of Spectrophotometer
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outside their proper ranges; these effects had to be allowed for by the calibra-

tion proce s s.

C. Detection

Three Bendix M 306 resistance strip photomultipliers are the basic de-

tectors, one for each EUV wavelength band (or channel). The pulse signals from '

these photomultipliers are amplified and then shaped. The shaped pulses are

sent through electronic gates to a combination of three binary counters and shift

registers where they are stored. Counting takes place only when the electronic

gate is open. The gate is opened when the sun activates an indexed solar eye

unit which is fixed on the outboard wall of the instrument. During this interval

(two are possible: 30 millisec or 10 millisec) the sun is illuminating the spectro-

photometer grating. After the gate closes, stored counts for each channel are

read out to the telemetry and the counters reset to zero. The count range is from

100 to 20,000. The trigger eye optics consists of a cylindrical lens, two glass

filters and two photo-resistive diodes. Following read-in, there is a delay rang-

ing from 120 to 310 milliseconds while the commutator is synchronized with the

digital telemetry system. One read-out gate is used to acquire synchronization.

For read-out of solar data a sequence of 10 mainframe words is neces-

sary. The first data word is a code word consisting of eight binary "ones.

Words 2 and 3 contain the 16' bit binary number stored in the counter for channel

1. The number is read out starting with the least significant bit and proceeding,

in sequence, to the most significant bit. Words 4 and 5 contain the intensity

data from channel 2; words $? and 7, from channel 3. Words 8, 9 and 10 contain '

the eight least significant bits from the background readings of the three chan-

nels, respectively. Zeros are now presented to the telemetry system (until the

next read-in has been completed. When the instrument is calibrated, the read-

out sequence is the same as that above', except that the code word now consists

of a binary "zero" followed by seven binary "ones." Data read-out is on Main

Frame data words 15 and 27.

Five housekeeping channels are used. Analog subcom channels 1, 2,

and 3 monitor a voltage proportional to the low voltage supplied to each of the

6



three detector high voltage supplies in data channels 1, 2, and 3 respectively.

Housekeeping channels 4 and 5 monitor temperature probes; the first probe is

in the vicinity of the electronics, the second, near the photomultipliers. The

analog subcom is read out on Main Frame data word 25.

The command allocation is as follows:

Command Code
No. Function Format

19 Turns on equipment ( -0414

11 All high voltage off 0305
:! ...

113 Channel 2 H.V. on 0309

114 Channel 3 H.V. on 0310

215 Channel 1 H.V. on 0312

202 Calibrate - 4 per hour 0107

229 Calibrate - 1 per hour (30 ms) 0609

132 Calibrate - I per hour (10 ms) 0701

D. Calibration

The purpose of the calibration of the spectrophotometer was to provide

a means of converting the output of a given channel in terms of counts to an

output in terms of absolute intensity of the EUV solar radiation associated with

that channel (that is, one of the three wavelength bands).

The vacuum system for calibration (Figure 3) consisted of three separate

chambers connected by 6" gate valves: 1) the main chamber which holds the

instrument positioned on a rotating table to simulate the rotation of the satellite,

2) the monochromator chamber containing the high voltage capillary discharge

source, and 3) the grating chamber. The gases used in the capillary discharge

source were hydrogen, helium, argon and xenon.in order to provide a range of

appropriate wavelengths. A three-stage differential pumping system was re-

quired to assure the necessary degree of vacuum in the main chamber. The

7



Figure 3.

The Calibration System
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concave grating, serving as the dispersing element, may be rotated so as to

select the wavelength falling on the instrument. A series of apertures collimates

the light from the source before the light reaches the grating, so that, as viewed

from the instrument, the monochromatic beam from the grating corresponds to a

source that subtends an angle of 32'. The grating can be replaced by a suitable

concave mirror when "white" light is desired. Detection was accomplished by

means of a flow-through ion chamber; the current produced by the ionization of

the gas in the latter chamber was measured and the absolute intensity of EUV

radiation energetic enough to ionize the given gas was computed. A photomulti-

plier detector at the end of the ion chamber enabled the experimentor to deter-

mine when all the EUV radiation passing through the chamber was absorbed in

the chamber.

The calibration set-up described above gave sufficient flexibility in

wavelength band selection to determine the constants required to convert counts

from each wavelength channel of the satellite spectrometer detection system in-

to absolute intensity of the EUV radiation (for that channel) striking the optical

aperture of the spectrometer. Nine constants are required as outlined below.

To allow for first order and oveilapping order effects, the number of

counts Si of channel i can be represented by:
1

S=K. I +K I +K I
i = Kil 1 i2 2 i3 3

where I 1 , I2 and I3 are the actual intensities of the radiation in the three chan-

nels, incident on the spectrometer, and K.1, K. 2 K are constants which are
1 1i21 Ki

determined by the calibration procedure. The matrix equation:

(S') =(K) (I)

may be inverted to obtain (I):

-1
I = (K) (S')

The values of the constants (K's) as determined in the laboratory when used for

the actual solar observations from the satellite did not yield realistic values

for the intensities of channel 2 and channel 3 but the resu Its for channel 1 were

9



in good agreement with measurements made by other observers. Accordingly,

for convenience in interpreting data, the K's were altered so that reduction to

absolute intensities was made to conform to the Hinteregger's values:

I1 = (81.99 x 10 photons/cm /sec

9 2
I2 = 4.40 x 10 photons/cm /sec

9 2
I3 = 20.4x 10 photons/cm /sec

The matrix used in such reduction is:

S'v 4.31 0&) 0 I113

- -~~~~~7
S' = 3.66 11.2 0 x 10

-

7
I

s' 0.371 , 0.372 1.88 33

Before applying the above matrix to compute absolute values, the actual

observed counts, S, were corrected to obtain S'. The correction involved two

steps,: first, the elimination of scattered light, and second, the allowance for

degradation since launch time. The scattered light, mostly the 1216 A radiation

of the solar hydrogen Lyman alpha line, was measured by observing the sunrise

data of each channel. The degradation correction was made by empirically fit-

ting a suitable analytic expression for each channel to the observed curves:

average count at spacecraft noon versus time. A source of error which could

not be systematically accounted for was pitch of the spacecraft.

In order to have an in-flight check on the performance of the spectro-

photometer, a calibration lamp was included in the instrument. The lamp was

a sapphire-windowed glass capillary tube containing Xenon gas and operated by

a high voltage supply. The ultraviolet radiation emitted falls on the cathodes :

of the three photomultipliers and produces an output in the form of counts.

Changes with time in the sensitivity of the cathodes ,or in the response of the

electronic components associated with the amplification of signal and the sub-

sequent counting system could be monitored in this way. The detection sys-

tem can be checked by exciting the lamp every 256 or 1024 revolutions of the

wheel (determined by command).

10



IV. Data Reduction

A. Data Sequence

Counts for each channel are obtained for 30 milliseconds when the sun

is in the field of view. The counters are then read out to the telemetry andre-

set to zero. A background count (usually zero) is then made with the sun out

of the field of view and the counters again read out to telemetry. The cycle is

then completed until initiated by the next pulse from the monitoring eye.

For a few weeks after launch, data from the calibration lamp in the form

of counts ereFsr'obtaihd eory024rVlfti shtew h eel.':' Becas'e of a mfiale-

function, these data were discontinued. Later (May 1969) another malfunction

in the calibration unit required that the data henceforth be activated by command.

One orbit storage on s/c tape recorders is made for playback to ground

stations. For each channel the solar data appear as two 8-bit binary words

serially each revolution of the wheel.

In general, to prolong the period of data-taking despite degradation,

data are acquired for three consecutive orbits out of every fifteen per day. Use-

ful data have been collected for the period January 23, 1969 to July 19, 1971,

spanning about 14,000 orbits of the satellite. This date was chosen because

by that time the degradation of the instrument response for EUV wavelength

bands 1 and 2 was quite advanced, and that of band 3 moderately advanced.

The noise effects were not reduced proportionately, so that measurements dur-

ing flares, satellite sunrises, and(satellite;sunset s were n6ot of-s-fficierit qualii<

ty to justify further reduction of data.

B. Data Library

The tape library of data acquired for the period January 23, 1969 to July

19, 1971 consists of the following:

1. 1068 quicklook tapes

2. 191 correlated data tapes

3. 178 main frame data tapes

4. 46 command history tapes

5. 137 merged data tapes

11



6. 28 final merged data tapes

7. 289 scratch tapes

8. 1 tape of condensed data from 13,000 orbits

The printed output library consists of:

1. 14 binders containing label information from direct output of the

OSO-5 program (1,000 orbits or CDT files per binder)

2. 2 binders containing selected information on each orbit

3. 2 binders of label information, via the merged program, for each

re-formatted file on the merged data tapes

4. 1 binder containing the above three items of information for data

of poorer quality which was not placed on the final merged data

tapes

5. 1 binder containing printout of the punched output from the OSO-

5 program

6. 1 binder containing output of the catalog program which shows

orbit number vs. file number for the correlated data tapes

7. 1 binder containing computer program listings for all the auxiliary

programs as well as main programs for /SO-5

In addition there are 13 boxes of punched output from the OSO-5 program

containing condensed data for about 1,000 orbits, and 6 boxes of OSO-5 main

and auxillary program decks. A 500 page volume includes the documentation- 7 ~

of all OSO-5 computer programs which were written for the handling and analysis

of all the data.

C. Data Presentation and Error Analysis

A graph of observed noon-day counts vs. orbit number for all three chan-

nels is shown in the lower graph of Figure 4. From top to bottom, the sets of

points refer, respectively, to channels 3, 1, 2. Many of the irregularities in

these curves are not real. The gradual degradation of each channel is quite ap-

parent, as are the breaks wh6re no data were obtained (instrument off). All of

the data counts were acquired in a 30 millisec interval. Other variations in the

curves may be attributed to 1) pitch of the satellite, 2) interaction of raster

12



Figure 4.

Sample Data, EUV vs. Time
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scanning of the pointed instruments on the satellite, 3) intrinsic variation in

instrument response, 4) actual variations in the solar EUV intensity for each

channel. Each of these will be considered.

A graph of the monitored values of satellite pitch at noon vs. orbit num-

ber is shown in the upper graph of Figure 4. This curve does not show short

period pitch changes which sometimes also occurred. An effort to find a syste-

matic quantitative relationship between the curves in Figure 4 was unsuccessful.

In general, channel 1 intensity increases for large negative pitch, and that for

channel 2 decreases. A change in pitch would cause the solar light to sweep

through the instrument aperture at a slightly different angle. Because of the

presence of baffles in the optical paths of the three channels, pitch changes

could cause variations in the amount of EUV striking the photo tubes. Moreover,

if the reflectivity of the grating changed over the area of the grating, and if the

photocathode surfaces of the photomultipliers were not uniformly sensitive, pitch

effects would be present, For analysis of data for a particular orbit, or fraction

of an orbit, pitch changes were normally negligible',,and do not alter the observed

values of, at least, relative intensity vs. time.

When raster scanning of the pointed instruments on the satellite occurs,

the EUV counts from the photomultipliers oscillate in a somewhat regular man-

ner. The effect is only occasionally present and can easily be recognized. It,

may be nearly completely eliminated by a suitable averaging of intensities over

several adjacent points. However, time resolution of the measurements may be

reduced when such averaging is required.

An apparently random variation of intensity from point to point is present

in each channel. It is least for channel 3. No explanation for this irregularity

in response could be found, but it appears to be instrumental. When adjacent

intensity points over several consecutive revolutions of the wheel are averaged,

a regular variation is observed of period approximately 5 minutes. It is believed

that this effect is either instrumental or associated with the satellite environ-

ment. A gradual decline in average intensity of the EUV is observed in all cases

during the daytime interval after satellite sunrise and before satellite sunset.

Again, this effect is believed to be instrumental and is probably the result of
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temperature changes. It may also reflect a temporary loss in sensitivity of the

photomultipliers over the time of continuous diurnal exposure.

Changes in intensity other than those mentioned above are assumed to

be real variations in solar EUV radiation. An example is that of a solar flare.

For such variations, after a suitable averaging procedure, relative intensities

are normally estimated to be accurate to 2% with a time resolution of about 4'

seconds.

15



V. Science

A. Scope of Science Analysis

Four scientific projects were undertaken and completed in the analysis

of the reduced solar EUV data. These.'are 1) study of large flares, 2) interpre-

tation of solar eclipse EUV data of March 7, 1970, 3) study of relationship be-

tween solar EUV flare intensities and sudden frequency disturbances (SFD's),

4) analysis of sunrise and sunset absorption data for comparison with predicted

absorption of CIRA model atmospheres for the earth.

(The detailed results of tei above projects a&r'econtained in the papers:

1. "Solar Flares in the EUV Observed from OSO-5," by P. T. Kelly
and W. A. Rense, to be published in Solar Physics, September
or October, 1972 issue.

2. "Observations of March 7, 1970 Solar Eclipse from OS0O-5 in
Far UV," by R. Parker and W. A. Rense, Report UAG-2, Part III,
(World Data Center A, Upper Atmosphere Geophysics), April,
1971, p. 417.

3. "SFD's for Three Large Solar Flares," by F. Solheim. Thesis
in progress for Ph.D. degree, University of Colorado, 1972.

4. "Broad Band Solar EUV Absorption in Upper Atmosphere," by K.
Allen and W. A. Rense (to be submitted for publication).

Only a brief summary of some of the results of the above papers will

be given here.

B. Solar Flares in the EUV

Solar flares in the three EUV channels were observed for flares of bright- iJ

ness lB, 2B and 3B. Figures 5, 6 and 7 show the variation of EUV intensity

with time for each of the channels for the large flares of March 12, March 21,

and April 21, 1969. In general, the time dependence of flare intensity in each

band is characterized by a more or less slowly varying component with one or

more impulsive bursts superimposed. Channel 2 (465-630 R) and channel 3

(760-1030 A) are quite similar in their time variations, but channel 1 (280-370 A)

shows less or no impulsive structure, and declines more slowly. The total time-

integrated absolute flare energies for the three channels, 1, 2, and 3, are,

respectively, (in units of ergs): March 12, 1.0 x 1029, 1.4 x 1029 and 1.3respectively, (in units of ergs): March 12, 1.0 x 10, 1.4 x 10, and l.c3'
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Figure 5.

Solar Flare of March 12, 1969 
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Figure 6.

Solar Flare of March 21, 1969
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Figure 7.

Solar Flare of April 21, 1969

19a



D N- (0 L It I) N

C~ oc,0

c'J

6
aDN

LL')

0

If)

a,

6

N\N

6
I',

o

(\N

- 0

NW

If)
06

oq

0)

M, OD

I C#I

N- (0 I) It r

,lI o N1- ( I) t I) N

ALISN3JNI 3AIUV138

(D

(9)

L
cr
a.

0



29 2 8 28 29 29
10 ; March 21, 7.0 x 10 , 4.0 x 10 and 1.3. x 10 ; April 21, 1.3 x 10

29 29
1.6 x 10 and 2.2 x 10 ,

A comparison of available data on 2800/mc/sec radio emission during

the above flares led to the conclusion that the onset of the first rapid intensity

increase in the radio emission was associated with the first impulsive component

of the flare EUV radiation. For the April 21 flare, data on hard X-ray emission

was available. The time variation of this X-ray component of the flare was simi-

lar in considerable detail to that of the EUV components.

An idealized model of a flare is proposed which accounts for the general

characteristics of the time variation in the flare EUV. The model is primarily

based on the theoretical investigations of Bessey and Kuperus (5) (Bessey, R. J.

and Kuperus, M.: 1969, Conference on Chromosphere - Corona Transition Region,

Boulder, Colorado) and of Barnes and Sturrock (6) (Barnes, C. W. and Sturrock,

P. A.: 1972, AP. J. 174, p. 659). The first of these papers deals with the dy-

namic and thermal changes that occur in a mass of solar chromospheric plasma

when energy is applied to a thin layer. Their computations show that within

200 seconds, for an energy input of about 1012 ergs/gm/sec: 1) the original

exponential density distribution is replaced by one that is approximately uniform;

2) upward expansion velocities of as much as 50 km/sec could be produced; 3)

shock waves could be formed with material streaming up after the shock. These

results apply to an idealized situation with no magnetic field present. Howe ver,

they apply qualitatively if a magnetic field is present, especially where the lat-

ter is nearly perpendicular to the photospheric surface. Barnes and Sturrock

(loc. cit., above) consider the case with a magnetic field extending from a sun-

spot to regions symmetrically surrounding the spot, and of opposite polarity.

They calculated the energy in possible force-free fields (resulting from twist-

ing due to differential rotation) which have the same boundary conditions and

found that, for a sufficient amount of twisting, the energy in the force-free field

can be greater than that in an open field having the same photospheric bbundary

conditions. They propose that in a flare a force-free field, by a series of ex-

plosive processes, may change to an open field of lower energy.

The model described here utilizes the results of the above investigators

to explain qualitatively the general features of the EUV radiation emitted during
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a large flare. Consider the magnetic field associated with an active spot group

after it has been twisted by rotation of the spot center. Then, as mentioned

above, its energy is greater than that of the original, untwisted field. This

energy comes from that associated with the differential rotation of the sun.

Next, suppose that the degree of twisting has proceeded to the point that the

closed force-free field has energy greater than that of an open field with the

same photospheric boundary conditions, namely, it is in a metastable state as

pointed out by Barnes and Sturrock in the paper cited above. If heating in some

part of the lower region of the plasma engulfed by the magnetic field produces
12

a local energy input over a critical value, given as 10 erg/g/sec by Bessey

and Kuperus, then a shock wave will be produced as found by the latter authors

(loc. cit.). The material streaming upward after the shock wave opens the mag-

netic lines of force and provides the mechanism for the explosive transition

from the metastable closed field to the lower energy open field: Magnetic ener-

gy is released to the plasma to raise its temperature and to accelerate charged

particles. This is the part of the flare which corresponds to the impulsive peaks 

of the EUV time-variation curves (Figures 5,6, and 7). According to Barnes and

Sturrock the energy released could be of the order of one-fifth 6ofthat in the origi-

nal current-free magnetic field. The energy given to a charged particle during
3

this phase averages about 100 keV and may be as high as 10 keV. The lines

of the open field are then reconnected to form a closed field corresponding to

the original undistorted field. The energy here released may be of the order of

that in the original field and accounts for the main part of the flare energy (Barnes

and Sturrock, loc. cit., and Sturrock (7), Solar Physics, in press, and, for the

relativistic particles, C. deJager (8), Utrechtse Sterrekundige Overdrukken,

No. 92, 1, 1969).

The triggering of the transition from the closed field metastable state

to the open field configuration may be the falling of material in prominences

(Oh. L. Hyder (9), Solar Physics, Vol. 2, 1967). Much of the EUV flare radi-

ation could be a result of collisional excitation at lower levels after the release

of trapped particles when the magnetic field opens. The hard X-rays originate

in the same way, as well as some of the radio emission. Those emissions

would be associated with the impulsive part of the flare.
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C. Solar Eclipse Observations

The solar eclipse observations of March 7, 1970 led to the following

conclusions: 1) limb brightening is present for the integrated EUV radiation in

channels 1 and 2 (the higher photon energy channels) but not in channel 3. 2)

The active regions in the southern hemisphere were brighter than the surround-

ing regions by factors 3, 4, and 2 for channels 1, 2, and 3, respectively. In

the northern hemisphere the active regions were brighter by factors of 2, 4, and

2, respectively.

D. Sunrise and Sunset Data

EUV absorption in the three channels has been observed during sunrise

and sunset as viewed from the satellite. The observations were made in a zone

between latitudes ±+ 33 . Typical curves, intensity vs. h, are shown in Figure

8;, where h is the perpendicular distance between the satellite-sun line and

the earth's surface. This type of variation of integrated intensity for each chan-

nel can be predicted from a model atmosphere since the wavelength components

of the solar EUV in the channels are known, as well as their absorption coeffi-

cients for each important atmospheric constituent. Predicted intensity variations

for the prevailing CIRA (1965) atmospheric model of the time of the EUV observa-,

tions were compared with the latter. Within experimental error, the CIRA models a;

accounted for the observed results for channel'2tover several sunrise and sun-

set data sets at widely-spaced time intervals. Channel 1 showed slightly great-

er intensity than predicted by the prevailing CIRA model. Channel 3 data, on

the average, showed considerably less intensity than that predicted by the pre-

vailing CIRA model.

In order to account for the observed inconsistency of the channel 3 and

channel 1 data with the predictions of the CIRA model, it is necessary for one

to assume less atomic oxygen and more molecular nitrogen than given by the

prevailing CIRA model. If the CIRA model atmosphere is modified so that the

atomic oxygen density is reduced by about one-third, and the molecular nitro-

gen density increased by about a factor of 2, the modified CIRA model will pre-

dict intensities in agreement with all three wavelength channels. The change
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Figure 8.

EUV Intensity Variations at Sunset
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has little effect on the overall EUV absorption of channel 2 (where the absorp-

tion effects of O and N are comparable) but a large effect (in the correct direc-
2

tion) for channel 3 where absorption by nitrogen dominates. In addition, pre-

dicted intensities for channel 1 are slightly greater because thischannel is, 

most sensitive to the lowered oxygen density. Other investigators have also

observed less '.atomhic oxygen than predicted by the CIRA (1965) model ("Iono-

spheric Estimates of Atomic Oxygen Concentration from Charged Particle Measure-

ments," Mahajan, K., K,,(10), J. Geophys. Res. 76, 4621, 1971).
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